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IMPROVEMENTS IN OR RELATING TO THE OPERATIONAL FREQUENCY 

RANGE OF LATCH CIRCUITS 

The present invention relates to improvennents in or relating to the 
operational frequency range of latch circuits and is more particularly, although 
5 not exclusively, concerned with improvements relating to'hold/follow' latches. 

It is common to use a *divide-by-2' prescaler in many types of circuits. 
These prescalers consist of two latches, namely, a master latch and a slave 
latch, both latches changing their modes to either holding or following in 
accordance with input clock phase. Such latches are generally known as 
10 'hold/follow' latches. 

However, prescalers tend to have a maximum toggle rate or frequency 
due to their construction. In particular, the maximum toggle rate or frequency 
tends to be governed by the transistors used to implement the *hold/follow' 
latches, the layout parasitics and track path lengths. 

15 It is therefore an object of the present invention to provide an improved 

prescaler, which has a higher maximum toggle rate. 

In accordance with one aspect of the present invention, there is provided 
a latch circuit including:- 

a first latch portion including a first clock transistor; and 

20 a second latch portion including a second clock transistor; 

wherein the first and second clock transistors form a transistor clock pair 
and the first clock transistor has a different property or characteristic to the 
second clock transistor such that the 'hold period/follow period' ratio of the 
transistor clock pair is greater than 1 . 

25 Advantageously, the different property or characteristic comprises a 

difference in emitter area. _ . . _ . . - . 

Preferably, the emitter area of the first clock transistor is greater than that 
of the second clock transistor. 
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In one embodiment, the emitter area of the first clock transistor is double 
that of the second clock transistor. 

In accordance with another aspect of the present invention, there is 
provided a prescaler circuit including a first and second latch circuit as 
5 described above. 

For a better understanding of the present invention, reference will now be 
made, by way of example only, to the accompanying drawings in which:- 

Figure 1 illustrates a known *divide-by-2' prescaler; 

Figure 2 illustrates the clock signals applied to the Figure 1 prescaler and 
10 the outputs of the master and slave latches thereof; 

Figure 3 illustrates a latch circuit in more detail; 

Figure 4 illustrates a latch circuit in accordance with the present 
invention; and 

Figure 5 illustrates the relative sensitivities of the Figure 3 and Figure 4 
15 latches. 

Referring initially to Figure 1, a typical 'divide-by-2' prescaler 10 is shown 
which comprises a master latch 12 and a slave latch 14. Each latch 12, 14 is 
connected to receive clock inputs 16, 18 along lines 20, 22 and 24, 26 
respectively. Clock inputs 16 and 18 are complementary, and when clock input 
20 16 is high, clock Input 18 is low and vice versa. The latches 12, 14 are 
connected together by lines 28, 30 as shown, and are also connected to outputs 
32, 34 via respective lines 36, 38 and 40, 42. Lines 40 and 42 comprise the 
outputs from latch 14 and lines 28 and 30 comprise the outputs from latch 12. 

When the clock input 16 to a latch 12 is high and the clock input 18 is 
25 low, the data output of latch 12 follows on lines 28 and 30 and the data output of 
latch 14_holds its. current state, that is, the current data. When the clock input 
16 is low and the clock input 18 is high, latch 12 holds its current state and latch 
14 follows the data. For the prescaler 10 shown in Figure 1, the outputs 32, 34 
toggle their states on the falling edge of clock input 16 as shown in Figure 2. 
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In Figure 2, the waveforms of the clock inputs 16, 18 are shown. The 
wavefonms for the outputs 32, 34 are also shown. Line 44 indicates that the 
outputs 34 toggles on the falling edge of clock input 16. 

Figure 3 illustrates a latch circuit 50. The latch circuit 50 can be used for 
5 both the master and the slave latches 12, 14 of Figure 1. The circuit 50 
includes complementary clock inputs 52, 54 and outputs 56, 58, and is divided 
into a left portion 60 and a right portion 62. A plurality of bipolar transistors 64, 
66, 68, 70, 72, 74, 76, 78, 80, 82 are provided together with three capacitors 84, 
86, 88, two resistors 90, 92 and five current sources 94, 96, 98, 100, 102. The 

10 transistors 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, resistors 90, 92 and current 
sources 94, 96, 98, 100, 102 are connected in a known way to carry out the 
latching function. The capacitors 84, 86, 88 are shown to represent layout 
'parasitics' which are typical in a high frequency integrated circuit (IC). These 
should be minimised to increase toggle rate. The term 'layout 'parasitic" is well 

15 known in this field. 

The transistors have been described as being bipolar transistors. They 
may be both heteroju notion or homojunction bipolar transistors. 

In Figure 3, each resistor 90, 92 has the same resistance value. 
Similarly, all the transistors 64, 66, 68, 70, 72, 74, 76, 78. 80, 82 have the same 
20 emitter area of 4pm^. It is to be noted that it is not essential that the values be 
those illustrated. 

In the arrangement shown in Figure 3, transistors 76, 78 receiving the 
complementary clock inputs 52, 54 are generally known as a transistor clock 
pair. The transistor clock pair as shown here is said to be 'balanced', that is, 
25 the 'hold/follow' ratio for the latch circuit 50 is 1. The maximum toggle rate or 
frequency of circuit 50 where it can still just about perform the 'divide-by-2' 
function is around 12.2GHz. 

It has been found that by doubling the emitter area of transistor 76 to 
8pm^ and leaving all the other values the same, an improved maximum toggle 
30 rate and frequency gain flatness can be obtained as the 'hold/follow' ratio 
increases. 
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Figure 4 illustrates an improved latch circuit 110 which provides the 
improved maximum toggle rate. Components which are identical to those 
already described with reference to Figure 3 are referenced alike. The circuit 
110 includes complementary clock inputs 52, 54 as before and has outputs 112, 
5 114, and is divided into a left portion 116 and a right portion 62. Left portion 
1 16 of Figure 4 differs from left portion 60 of Figure 3 as it includes a transistor 
118 which has a larger emitter area than transistor 76. As before, transistors 
118, 78 form a transistor clock pair and receive clock inputs 52, 54. As 
transistor 118 has a larger emitter area than transistor 76, the transistor clock 
10 pair is said to be 'imbalanced' as the 'hold period/follow period' ratio is now 
greater than 1 . This has the effect of increasing the maximum toggle rate to 
14GHz as shown in Figure 5. 

In Figure 5, a comparison of the respective sensitivity of latch circuits 50, 
110 against input frequency is shown. The sensitivity of the latch circuit 50 is 
15 indicated by line 120 and the sensitivity of the latch circuit 110 is indicated by 
line 122. The self-resonance for the left portion 60, 1 16 for each latch circuit 50, 
110 is indicated by portions 124, 126 respectively of the lines 120, 122. In 
these regions, the respective left portion 60, 116 is at its most sensitive. It can 
readily be seen that the self-resonance increases from around 9GHz to 12GHz. 

20 For applications which require operation below self-resonance, the latch 

circuit 110 of Figure 5 provides substantial benefits. For an operational 
sensitivity of between -20dBm and -30dBm, line 120 shows that the 
conventional latch circuit 50 has an operational region extending between 
markers 124, 126 of around between 2GHz and 7GHz giving a 5GHz 

25 bandwidth. For the same operational sensitivity, line 122 shows that the 
improved latch circuit 110 has an operational region extending between 
markers 128, 130 of around between 2GHz and 10.5GHz giving a 8.5GHz 
bandwidth. This represents an improvement in operational bandwidth of around 
70%. 

30 As mentioned above, the master and slave latches 12, 14 are currently 

implemented by latch circuit 50 of Figure 3. By replacing latch circuit 50 with 
latch circuit 110 in prescaler 10, significant improvements can be made to the 
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maximum toggle rate or frequency of the prescaler 10 without incurring an 
increase in current consumption or the number of transistors. Additionally, the 
self-resonance of the prescaler can also be increased. 

It will readily be appreciated that, although the invention has been 
5 described such that the emitter area of transistor 1 18 is twice that of transistor 
78, it is not limited to this value. The emitter area of transistor 118 can be any 
suitable multiple of the emitter area of transistor 78 greater than 1 to provide an 
increased maximum toggle rate or frequency and *hold/follow' ratio. Naturally, 
the emitter area of transistor 118 will be chosen in accordance with the 
10 particular application. 

Although the present invention has been described with reference to 
bipolar transistors having a change in emitter area to provide the increased 
maximum toggle rate or frequency and *hold/follow' ratio, it will be understood 
that the same principle can also be applied to field effect transistors (FETs). In 
15 this case, one or more properties or characteristics of the FET may be changed 
to provide the increased maximum toggle rate or frequency and *hold 
period/follow period* ratio. 

It will be appreciated that the benefits discussed above can easily be 
mapped to a higher yield of integrated circuits for a required performance with 
20 an accompanying reduction in production costs. 



